(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

01.08.2001 Bulletin 2001/31 

(21) Application number: 01400044.2 

(22) Date of filing: 10.01 .2001 



(H) EP1 120 894 A2 

EUROPEAN PATENT APPLICATION 

(51) Int ci 7: H02M 3/338 



(84) Designated Contracting States: 


• Nath, Gautam 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Olympia, Washington 98501 (US) 


MC NL PT SE TR 


• McPeak, Sean Patrick 


Designated Extension States: 


Indianapolis, Indiana 46220 (US) 


AL LT LV MK RO SI 


• Stephens, Joseph Curtis 




Carmel, Indiana 46032 (US) 


(30) Priority: 11.01.2000 US 481079 






(74) Representative: Bonnans, Arnaud et al 


(71) Applicant: Thomson Licensing S.A. 


Thomson multimedia 


92100 Boulogne-Blllancourt (FR) 


46, qua! Alphonse Le Gallo 




92648 Boulogne Billancourt Cedex (FR) 


(72) Inventors: 




• Allen, Richard Carl 




Indianapolis, Indiana 46107 (US) 





(54) Power supply with synchronized power on transition 



(57) A power supply operates in a run mode of op- 
eration and in a standby, burst mode of operation. 
When, for example, a user initiates a power-on request 
command, an on/off control signal is applied to an input 
terminal of a microprocessor. The microprocessor mon- 



itors an end time of a dead time interval of a burst mode 
cycle and generates a synchronized control signal for 
turning on a switch. The switch turns on immediately af- 
ter the end of the dead time interval. The turned on 
switch couples a run mode load to a filter capacitor of 
the power supply. 
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Description 

[0001 J The invention relates to a power supply having 
a burst mode operation and a run mode operation. 

Background 

[0002] A typical switch mode power supply (SMPS) 
includes a switching transistor coupled to a primary 
winding of power transferring transformer for periodical- 
ly applying an input supply voltage to the primary wind- 
ing. It is known to operate the SMPS in a run mode of 
operation and in a standby mode of operation. During a 
run mode operation, pulses of current are developed in 
a secondary winding of the transformer at a high fre- 
quency and are rectified for periodically replenishing a 
charge in a filter or smoothing capacitor. An output sup- 
ply voltage, developed in the capacitor, is connected to 
energize a load. 

[0003] In the run mode of operation, the SMPS oper- 
ates in a continuous mode. In the standby mode of op- 
eration, it may be desirable to operate the SMPS in a 
burst mode for reducing power dissipation. In a given 
cycle of the burst mode, the high frequency current puls- 
es are developed in the transformer windings. The cur- 
rent pulses are followed by a relatively long interval, re- 
ferred to herein as dead time interval, of several milli- 
seconds, in which no current pulse is produced. 
[0004] An on/off control signal may be generated in a 
microprocessor. The microprocessor is referenced to a 
potential referred to as cold ground that is conductively 
isolated from a mains supply voltage. Whereas, a con- 
trol circuit of the SMPS may include a portion that is con- 
ductively non-isolated from the mains supply voltage. 
The transformer forms a conductive isolation barrier. 
[0005] It may be desirable to avoid the need for using 
an additional isolation barrier to apply on/off control in- 
formation from the conductively isolated microproces- 
sor to the non-isolated SMPScontrol circuitforchanging 
between the continuous and burst modes. 
[0006] An advantageous type of a SMPS is a zero 
voltage switching SMPS. In zero voltage switching 
SMPS, switching on the transistor occurs when the volt- 
age between the main current conducting terminals of 
the transistor is zero for minimizing switching losses. It 
may be desirable to operate the zero voltage switching 
SMPS in the burst mode, during standby. 
[0007] In a zero voltage switching SMPS, embodying 
an inventive feature, the standby mode is initiated by 
disconnecting a run mode load from the filter capacitor 
via a switch. Thereby, the run mode load ceases con- 
suming load current. Because the run mode load circuit 
is de-energized, a feedback loop of the SMPS causes 
the transistor to conduct in a substantially shorter duty 
cycle than in the run mode. The short duty cycle in suc- 
cessive switching cycles of the transistor causes the ze- 
ro voltage switching SMPS to operate in a standby, burst 
mode. 



[0008] A transition from the burst mode to the run 
mode operation is initiated by coupling the run mode 
load to the filter capacitor via the switch. The increased 
load current is sensed and results in an increased duty 
5 cycle in the transistor. The increased duty cycle causes 
the zero voltage switching SMPS to operate in the con- 
tinuous, run mode.Thus, advantageously, the need for 
using an additional isolation barrier for changing be- 
tween the continuous and burst modes is avoided. 
io [0009] The fi Iter capacitor voltage may be used for en- 
ergizing the microprocessor, during the standby mode. 
It may be desirable to prevent a significant decrease in 
the capacitor voltage, during a transition interval from 
the burst mode to the run mode operation. Preventing 
is the discharge of the filter capacitor avoids a possible 
malfunction. For example, the microprocessor might, 
disadvantageous^, cease operation if its supply voltage 
were to decrease excessively. 
[0010] A user may issue a power-on command via, 
for example, a remote control arrangement. If the switch 
that couples the run load to the capacitor were to be 
turned on, during the dead time interval, the capacitor 
voltage could, undesirably, excessively decrease. This 
is so because current pulses are not produced. 
[0011] In carrying out an inventive feature, in re- 
sponse to a user issued power on command, the micro- 
processor generates a synchronized on/off control sig- 
nal for turning on the switch. The switch is turned on 
immediately after the end of the dead time interval for 
coupling the run mode load to the filter capacitor in syn- 
chronization with the end of the dead time interval. 
[0012] During the dead time interval, when current 
pulses are not produced, the run mode load is de-cou- 
pled from the filter capacitor. Therefore, advantageous- 
ly, the filter capacitor is not excessively discharged. The 
result is that, advantageously, the supply voltage does 
not decrease, during the dead time interval. Further- 
more, each current pulse that occurs immediately after 
the dead time interval replenishes the charge in the filter 
capacitor. 

[001 3] Assume, for example, that the increase in load 
current is not sufficient to disable the burst mode oper- 
ation in a first attempt. The microprocessor will, advan- 
tageously, cause the switch to be turned off for the du- 
ration of the following dead time interval. As a result, 
discharging the filter capacitor is, advantageously, pre- 
vented. At the end of the dead time interval that follows 
the first attempt, the microprocessor will cause the 
switch to be turned on in a second attempt. At that time, 
the load current may be sufficiently high so that the burst 
mode operation ceases and the continuous run mode 
begins. 

Summary 

[0014] A switch mode power supply, embodying an in- 
ventive feature includes an output stage for generating 
output supply pulses in a run mode of operation and in 



25 



30 



35 



40 



45 



50 



3 



EP 1 120 894 A2 



4 



a first portion of a burst mode cycle, during standby 
mode of operation. The output supply pulses are disa- 
bled, during a second portion of the burst mode cycle. 
A control signal indicative of the occurrence of one of 
the first and second portions of the burst mode cycle 
and an on/off signal are generated. A switch responsive 
to the on/off signal and to the control signal and coupled 
to the output stage selectively energizes a run mode 
load circuit at a predetermined time in a burst mode cy- 
cle, during a transition between the standby and the run 
modes of operation. 

Brief Description of the Drawings 

[0015] 

FIGURE 1 illustrates a power supply, embodying an 
inventive feature, operating in a burst mode, during 
standby; 

FIGURES 2a, 2b and 2c illustrate waveforms useful 
for explaining the operation of the circuit of FIGURE 
1 , in the run mode; 

FIGURES 3a and 3b illustrate waveforms useful for 
explaining the operation of the circuit of FIGURE 1 , 
in the standby, burst mode; and 
FIGURES 4a, 4b, 4c and 4d illustrate waveforms 
useful for explaining the operation of the circuit of 
FIGURE 1 in a transition from the burst mode to the 
run mode. 

Description of the Preferred Embodiment 

[0016] FIGURE 1 illustrates a tuned SMPS 100, em- 
bodying an aspect of the invention. In FIGURE 1 , an N- 
type, metal oxide semiconductor (MOS) power transis- 
tor Q3 operating as a transistor switch has a drain elec- 
trode coupled through a primary winding L1 of a trans- 
former T1 to a terminal 20 of an input supply, direct cur- 
rent (DC) voltage RAW B+. Transformer T1 serves as 
an isolation transformer for providing hot ground-cold 
ground isolation barrier. Voltage RAW B 4- is derived 
from, for example, a filter capacitor coupled to a bridge 
rectifier that rectifies a mains supply voltage, not shown. 
[0017] A source electrode of transistor Q3 is coupled 
to a non-isolated, hot groundl via a current sensor or 
sampling resistor R1 2. A damper diode D6 operating as 
a switch is coupled in parallel with transistor Q3 and is 
included in the same package with transistor Q3 to form 
a bi-directional switch 22. Capacitor C6 is coupled in 
parallel with diode D6 and in series with winding L1 to 
form with an inductance of winding L1 a resonant circuit 
21 when switch 22 is non conductive. 
[0018] A secondary winding L2 of transformer T1 is 
coupled to an anode of a peak rectifying diode D8 and 
to an isolated or cold ground for generating an output 
voltage VOUT in a filter capacitor C1 0 that is coupled to 
a cathode of diode D8. Voltage VOUT is coupled to a 
run load circuit 302, during a run mode of operation, via 



a series coupled run load switch 401 . Switch 401 is con- 
trolled by a control signal RUN/STBY, embodying an in- 
ventive feature, produced by a microprocessor 412 for 
maintaining switch 401 turned on, during the run mode. 

5 [0019] An error amplifier 23 is responsive to voltage 
VOUT and to a reference voltage VREF. A photo-cou- 
pler IC1 includes a light emitting diode. An emitter elec- 
trode of the transistor of photo-coupler IC1 is coupled 
to a negative DC voltage V3 via a resistor R4. A collector 

10 electrode of the transistor of photo-coupler IC1 is cou- 
pled to capacitor C3. Opto-coupler IC1 serves for isola- 
tion. An error collector current le of the opto-coupler IC1 
is indicative of an amount by which voltage VOUT is 
greater than reference voltage VREF and, thus, of the 

15 difference between them. 

[0020] A comparator transistor Q2 has a base elec- 
trode that is coupled via a resistor R1 1 to a junction ter- 
minal between the source electrode of transistor Q3 and 
current sensor resistor R12. Transistor Q2 compares a 

20 base voltage VBQ2 of transistor Q2 to an error voltage 
VEQ2 developed at the emitter of transistor Q2. Voltage 
VBQ2 includes a first portion that is proportional to a 
source-drain current ID in transistor Q3. A DC voltage 
V2 is coupled via a resistor R6 to the base of transistor 

25 Q2 to develop a second portion of voltage VBQ2 across 
resistor R11. 

[0021] DC voltage V2 is also coupled via a resistor R5 
to a feedback loop filter formed by capacitor C3 to form 
a current source that charges capacitor C3. Error cur- 

30 rent le is coupled to capacitor C3 for discharging capac- 
itor C3. A diode D5 is coupled between the emitter of 
transistor Q2 and ground. Diode D5 limits voltage VEQ2 
to diode D5 forward voltage and limits the maximum cur- 
rent in transistor Q3. 

35 [0022] The collector electrode of transistor Q2 is cou- 
pled to the base electrode of a transistor Q1 and the 
collector electrode of transistor Q1 is coupled to the 
base electrode of a transistor Q2 to form a regenerative 
switch 31 . A control voltage VG of transistor Q3 is de- 

40 veloped at the emitter of transistor Q1 that forms an out- 
put terminal of regenerative switch 31 and is coupled to 
the gate electrode of transistor Q3 via a resistor R1 0. 
[0023] A secondary winding L3 of transformer T1 is 
coupled via a resistor R9 for producing an alternating 

45 current (AC) voltage V1 . Voltage V1 is AC-coupled via 
a capacitor C4 and a resistor R8 to the emitter of tran- 
sistor Q1 to generate drive voltage VG of transistor Q3. 
AC-coupled voltage V1 is coupled via a collector resistor 
R7 to the collector electrode of transistor Q2 and to the 

so base electrode of transistor Q1 . Voltage V1 is also rec- 
tified by a diode D2 to generate voltage V3 and by a 
diode D3 to generate voltage V2. 
[0024] A resistor R3 coupled between the source of 
voltage RAW B+ and a terminal 30 of capacitor C4 that 

55 is remote from winding L3 charges capacitor C4 when 
voltage RAW B + is turned on. When voltage VG on the 
gate electrode of transistor Q3 exceeds a threshold volt- 
age of MOS transistor Q3, transistor Q3 conducts, caus- 
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ing a drain voltage VD of transistor Q3 to decrease. As 
a result, voltage V1 becomes positive and reinforces 
voltage VG for maintaining transistor Q3, in a positive 
feedback manner, fully turned on. 
[0025] FIGURES 2a-2c Illustrate waveforms useful 
for explaining the operation of tuned SMPS 100 of FIG- 
URE 1. Similar symbols and numerals in FIGURES 1 
and 2a-2c indicate similar items or functions. 
[0026] Du ring an interval KM1 0 of a given period T of 
FIGURE 2c, current ID of conductive transistor Q3 of 
FIGURE 1 is up-ramping. Consequently, a correspond- 
ing non-resonant current pulse portion of a current IL1 
in winding L1 is up-ramping and stores magnetic energy 
in the inductance associated with winding L1 of trans- 
former T1 . At time t1 0 of FIGURE 2c, voltage VBQ2 of 
FIGURE 1, containing an up-ramping portion derived 
from the voltage across resistor R1 2, exceeds a trigger- 
ing level of regenerative switch 31 that is determined by 
voltage VEQ2 and turns on transistor Q2. Current flows 
in the base of transistor Q1. Therefore, regenerative 
switch 31 applies a low impedance at the gate electrode 
of transistor Q3. Consequently, gate electrode voltage 
VG of FIGURE 2a is reduced to near zero volts and turns 
off transistor Q3 of FIGURE 1 . When transistor Q3 is 
turned off, drain voltage VD of FIGURE 2b increases 
and causes voltage V1 of FIGURE 1 that is coupled from 
winding L3 to decrease. The charge stored in gate- 
source capacitance CG maintains latch mode operation 
until time t20 of FIGURE 2a. 

[0027] When voltage VG becomes smaller than re- 
quired to maintain sufficient collector current in transis- 
tor Q1 of FIGURE 1 , a forward conduction on the base 
electrode of transistor Q2 ceases and, consequently, 
latch operation mode in regenerative switch 31 is disa- 
bled. Afterwards, voltage V1 that continues to decrease 
causes a negative portion 40 of voltage VG of FIGURE 
2a to maintain transistor Q3 of FIGURE 1 turned off. 
[0028] When transistor Q3 is turned off, drain voltage 
VD increases as shown during interval t10-t20 of FIG- 
URE 2b. Capacitor C6 of FIGURE 1 limits the rate of 
increase of voltage VD such that transistor Q3 is com- 
pletely non conductive before voltage VD increases ap- 
preciably above zero voltage. Thereby, switching losses 
and radiated switching noise are, advantageously, re- 
duced. Resonant circuit 21 that includes capacitor C6 
and winding L1 oscillates, during interval t1 0-t30 of FIG- 
URE 2b, when transistor Q3 of FIGURE 1 is turned off. 
Capacitor C6 limits the peak level of voltage VD. There- 
fore, advantageously, no snubber diode and resistor are 
needed so that efficiency is improved and switching 
noise is reduced. 

[0029] The decrease in voltage VD prior to time t30 of 
FIGURE 2b, causes voltage V1 of FIGURE 1 to become 
a positive voltage. At time t30 of FIGURE 2b, voltage 
VD is close to zero volts and slightly negative, causing 
damper diode D6 of FIGURE 1 to turn on and to clamp 
voltage VD of FIGURE 2b to approximately zero volts. 
Thus, resonant circuit 21 of FIGURE 1 exhibits a half 



cycle of oscillation. After time t30 of FIGURE 2b, voltage 
VG of FIGURE 2a becomes increasingly more positive, 
because of the aforementioned change in polarity of 
voltage V1 of FIGURE 1 . 

5 [0030] The following turn on of transistor Q3 is de- 
layed by a delay time that is determined by the time con- 
stant of resistor R8 and gate capacitance CG until after 
time t30 of FIGURE 2b when voltage VD is nearly zero 
volts. Therefore, minimal turn-on losses are incurred 

10 and switching noise is reduced. 

[0031] Negative feedback regulation of voltage VOUT 
is achieved by varying voltage VEQ2 in filter capacitor 
C3. When Voltage VOUT is larger than voltage VREF, 
current le discharges capacitor C3 and decreases volt- 

15 age VEQ2. Therefore, the threshold level of comparator 
transistor Q2 is decreased. Consequently, the peak val- 
ue of current ID in transistor Q3 and the power delivered 
to the load circuit, not shown, are reduced. On the other 
hand, when voltage VOUT is smaller than voltage 

20 VREF, current le is zero and the current in resistor R5 
increases voltage VEQ2. Consequently, the peak value 
of current ID in transistor Q3 and the power delivered to 
the load circuit, not shown, are increased. Thus, telecon- 
trol circuit of transistor Q3 that includes regenerative 

25 switch 31 provides duty cycle modulation of current ID 
in transistor Q3, in accordance with voltage VEQ2. 
[0032] Tuned SMPS 100 operates in a current mode 
control, on a current-pulse by current-pulse control ba- 
sis. The current pulse of current ID during interval t0-t1 0 

30 of FIGURE 2c, flowing in transistor Q3 of FIGURE 1, 
terminates at time t10 of FIGURE 2c when it reaches 
the threshold level of transistor Q2 of FIGURE 1 that is 
determined by voltage VEQ2 and is established by error 
current le forming an error signal. The error signal actu- 

35 ally controls the peak current of the current pulse of cur- 
rent ID that flows in the inductance of winding L1 . The 
control circuit corrects instantaneously in a feed forward 
manner for input voltage variations of voltage B + with- 
out using the dynamic range of error amplifier 23. In this 

40 way, both the advantages of current mode regulation 
and of tuned SMPS are obtained. 
[0033] FIGURES 3a and 3b illustrate waveforms of a 
voltage V30 of FIGURE 1 at terminal 30 useful for ex- 
plaining the operation in a standby, burst mode of SM PS 

45 100. When transistor Q3 is turned on, voltage V30 is 
approximately equal to gate voltage VG that controls 
transistor Q3. The waveform of voltage V30 of FIGURE 
3b includes a time expanded active interval tA and tB, 
when switching operations occur in transistor Q3 of FIG- 

50 URE 1 , during a burst mode period tA-tC of FIGURE 3a. 
During a relatively long dead time interval tB-tC, no 
switching cycles occur in transistor Q3 of of FIGURE 1 . 
Similar symbols and numerals in FIGURES 1, 2a, 2b, 
2c, 3a and 3b indicate similar items or functions. 

55 [0034] During a dead time interval that ends at time 
tA of FIGURE 3b, capacitor C4 of FIGURE 1 is charged 
in a ramping manner via resistor R3 at a rate determined 
by the R3, C4 time constant for developing a positive 
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voltage VC4. At time tA, positive voltage V30 reaches a 
threshold level of transistor Q3 of FIGURE 1. Conse- 
quently, high frequency switching cycles are produced 
in transistor Q3. During interval tA-tB, a positive peak 
voltage V30PEAK of voltage V30 of FIGURE 3b ex- 
ceeds the threshold level of transistor Q3 of FIGURE 1 . 
Therefore, the high frequency switching cycles continue 
in transistor Q3. In each switching cycle of transistor Q3, 
transistor Q1 is turned on, as explained before. There- 
fore, capacitor C4 is slightly discharged. The discharg- 
ing current in transistor Q1 exceeds the charging current 
in resistor R3. Therefore, voltage VC4 is down-ramping. 
Voltage VC4 level shifts voltage V1 in a direction that 
tends to decrease positive peak voltage V30PEAK of 
FIGURE 3b. At time tAB, positive peak voltage 
V30PEAK decreases to a value that is smaller than the 
threshold level of transistor Q3 of FIGURE 1 . Switching 
operation in transistor Q3 cease at time tB, and the next 
dead time interval. tB-tC follows. From time tB to time 
tC of FIGURE 3a, capacitor C4 is charged via resistor 
R3, as explained before. 

[0035] When, for example, a user initiates a power-off 
request command via, for example, a remote control ar- 
rangement, not shown, a control signal ON/OFF is ap- 
plied to an input terminal 412a of microprocessor 412. 
Microprocessor 41 2 of FIGURE 1 generates control sig- 
nal R UN/STB Y at a LOW state for turning off run load 
switch 401 . Turned off switch 401 de-couples run mode 
load circuit 302 of FIGURE 1 from filter capacitor C10 
for initiating and maintaining standby, burst mode of op- 
eration. Thereby, load circuit 302 is de-energized and a 
load current il_2 in load circuit 302 ceases. On the other 
hand, load circuit 303 coupled to capacitor C1 0 includes 
stages that are energized, during the standby mode. 
[0036] Capacitor C10 charging current IDOUT3 is 
small, when load circuit 302 is de-coupled. Because ca- 
pacitor C10 charging current IDOUT3 of FIGURE 1 is 
small when load circuit 302 is de-energized, the feed- 
back loop causes transistor Q3 to conduct in a substan- 
tially shorter duty cycle than in the run mode. The short 
duty cycle in successive switching cycles of transistor 
Q3 produce standby, burst mode operation of SMPS 
100. 

[0037] Advantageously, SMPS 1 00 includes both the 
zero voltage switching feature, in the run mode, as ex- 
plained before, and the burst mode feature, in the stand- 
by mode. Both features take advantage of the self os- 
cillation feature of SMPS 100. 
[0038] The values of resistor R3 and capacitor C4 are 
selected in accordance with the required length of dead 
time interval tB-tC. The value of resistor R8 is selected 
for insuring operation in the burst mode. If the value of 
resistor R8 were too large, the discharging current in 
transistor Q1 will be too small and the positive peak volt- 
age V30PEAK of voltage V30 of FIGURE 3b will not de- 
crease below the threshold level of transistor Q3 of FIG- 
URE 1 . Advantageously, by selecting sufficiently small 
value of resistor R8, burst mode operation is assured 



when short duty cycle occur in successive switching cy- 
cles of transistor Q3. 

[0039] FIGURES 4a, 4b and 4c illustrate waveforms 
useful for explaining a transition from the standby mode 

5 to the run mode in SMPS 1 00 of FIGURE 1 . Similar sym- 
bols and numerals in FIGURES 1, 2a, 2b, 2c, 3a, 3b, 
4a, 4b and 4c indicate similar items or functions. During 
a burst portion t1 -t2 of FIGURE 4c of a given burst mode 
cycle t1 -t3, pulses 407 developed in winding L2 of FIG- 

'0 URE 1 are rectified in an envelope detector 402 for de- 
veloping an envelope detected pulse signal 408 in ca- 
pacitor 405 of FIGURE 1. Envelope detector 402 in- 
cludes a resistor 403 coupled between a portion of wind- 
ing L2 of transformer T1 and an anode of a rectifying 

15 diode 404. A cathode of diode 404 is coupled to a filter 
capacitor 405, coupled in parallel with a resistor 406. 
Pulses developed in winding L2 are rectified in diode 
404 for developing envelope detected signal 408 in ca- 
pacitor 405. Signal 408 is coupled via a voltage divider 

20 that includes a resistor 409 and a resistor 41 0 to micro- 
processor 412. 

[0040] FIGURE 4c illustrates the waveform of signal 
408, during the standby mode and during a transition to 
the run mode. The transition to the run mode begins at 

25 time t3. Pulse signal 408 forms a logical level HIGH, out- 
side a dead time interval t2-t3. During dead time interval 
t2-t3, burst mode pulses 407 of FIGURE 1 are absent 
and signal 408 of FIGURE 4c is at a logical LOW level. 
[0041] When, for example, a user initiates a power-on 

30 request command via, for example, a remote control ar- 
rangement, not shown, control signal ON/OFF at the ap- 
propriate state is applied to input terminal 412a of mi- 
croprocessor 412. Control signal ON/OFF of FIGURE 
4b may occur at a non-synchronized time with respect 

35 to signal 408 of FIGURE 4c, for example, at time t8 of 
FIGURE 4b, during dead time interval t2-t3. As a result, 
microprocessor 412 of FIGURE 1 begins searching for 
an occurrence at time t3 of FIGURE 4c of a LOW-to- 
HIGH transition 408U of envelope detected signal 408. 

40 Immediately after time t3 of FIGURE 4c, microprocessor 
412 of FIGURE 1 generates synchronized control signal 
R UN/STB Y at the HIGH state for turning on switch 401 . 
It should be understood that the generation of synchro- 
nized control signal RUN/STBY can be alternatively ac- 

45 complished using dedicated logic circuit responsive to 
envelope detected signal 408 and control signal ON/ 
OFF. Such hardware solution can be used instead of 
generating signal RUN/STBY under program control in 
microprocessor 412. 

so [0042] In carrying out an inventive feature, switch 401 
is turned on for coupling run mode load circuit 302 of 
FIGURE 1 to filter capacitor C10 immediately after end 
time t3 of dead time interval t2-t3 of FIGURE 4c. During 
a dead time interval portion t8-t3, when current pulses 

ss IDOUT3 of FIGURE 1 are not produced, run mode load 
circuit 302 cannot discharge capacitor C1 0. Therefore, 
advantageously, output supply voltage VOUT of FIG- 
URE 1 does not decrease, during interval t8-t3 of FIG- 
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URE 4a. In contrast, had switch 401 of FIGURE 1 been 
turned on, during Interval t8-t3 of FIGURE 4b, voltage 
VOUTof FIGURE 4a would have decreased significant- 
ly, as shown by a broken line 222 in FIGURE 4a because 
of the absence of current pulses IDOUT3 of FIGURE 1 . 
Each current pulse IDOUT3 that occurs immediately af- 
ter dead time interval t2-t3 of FIGURES 4a-4c replen- 
ishes filter capacitor C1 0 of FIGURE 1 . Thereby, advan- 
tageously, power supply start-up is facilitated. 
[0043] Assume, for example, that a magnitude of load 
current il_2 in the burst mode portion at time t4 of FIG- 
URE 4c is insufficient to disable the burst mode opera- 
tion after LOW-to-HIGH transition 408U of envelope de- 
tected signal 408 occurs. Consequently, a LOW-to- 
HIGH transition 408D of envelope detected signal 408 
occurs and another burst mode cycle will follow. 
[0044] In carrying out a further inventive feature, mi- 
croprocessor 412 will, advantageously, cause switch 
401 to be turned off for the duration of a following dead 
time interval, not shown, that follows time t4 of FIGURE 
4c. As a result, discharging filter capacitor C10 of FIG- 
URE 1 is, advantageously, prevented. At the end of the 
dead time interval, not shown, that follows time t4 of FIG- 
URE 4c, when a following LOW-to-HIGH transition 
408U, not shown, of envelope detected signal 408 oc- 
curs, the magnitude of load current iL2 of FIGURE 1 may 
be sufficient to disable the burst mode operation. Con- 
sequently, SMPS 1 00 will continue operating in the con- 
tinuous run mode. Thereby, advantageously, a second 
start-up attempt would be facilitated. 



Claims 

1 . A switch mode power supply, comprising: 

an output stage for generating output supply 
pulses in a run mode of operation and in a first 
portion of a burst mode cycle, during standby 
mode of operation, said output supply pulses 
being disabled, during a second portion of said 
burst mode cycle; 

means for generating a control signal indicative 
of the occurrence of one of said first and second 
portions of said burst mode cycle; 
a source of an on/off signal; and 
a switch responsive to said on/off signal and to 
said control signal and coupled to said output 
stage for selectively energizing a run mode load 
circuit at a predetermined time in a burst mode 
cycle, during a transition between said standby 
and said run modes of operation. 



3. A power supply according to Claim 1 wherein said 
output stage is responsive to a first signal indicative 
of a magnitude of said output supply pulses for gen- 
erating said output supply pulses between corre- 

5 spending dead time intervals in said burst mode, 
when said magnitude is within a range of values and 
for generating said output supply pulses without 
said dead time intervals in said run mode of opera- 
tion, when said magnitude is outside said range of 

10 values. 

4. A power supply according to Claim 1 wherein said 
switch energizes said run mode circuit in synchro- 
nization with said control signal, during said transi- 
ts tion. 

5. A power supply according to Claim 1 wherein said 
control signal generating means comprises an en- 
velope detector. 

20 

6. A power supply according to Claim 1 further com- 
prising, a filter capacitor, wherein said output stage 
generates current pulses in said filter capacitor for 
developing a filtered, output supply voltage and 

25 wherein said switch couples said filter capacitor to 
said run mode load circuit in said run mode and de- 
couples said capacitor from said run mode load cir- 
cuit in said standby, burst mode. 

30 7. A power supply according to Claim 1 , wherein said 
switch de-couples said run mode load circuit from 
said output stage, during said second portion, as 
long as said output supply pulses are disabled, and 
couples said run mode load circuit to said output 

35 stage, when the generation of said output supply 
pulses begins. 

8. A power supply according to Claim 1 , wherein said 
output stage is coupled to a standby mode load cir- 

40 cuit for energizing said standby mode load circuit, 
during said standby mode of operation. 

9. A power supply according to Claim 1 further com- 
prising, a microprocessor responsive to said on/off 

4 5 signal and to said control signal for generating a 
switch control signal that is coupled to a control ter- 
minal of said switch. 



50 



2. A power supply according to Claim 1 , wherein said 
switch couples said output stage to said run mode 55 
load circuit, throughout operation in said run mode 
of operation. 
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